Introduction {#Sec1}
============

In the last week of December 2019, a patient infected with an undefined respiratory syndrome resembling viral pneumonia was admitted in Wuhan hospital, Wuhan, Hubei providence, People's Republic of China (PRC). Later on, from the sequenced-based characterization of lower respiratory tract samples isolated from the infected patients, the World Health Organization (WHO) announced that this viral disease is caused by a novel coronavirus and named the disease as COVID-19 \[[@CR1]\]. The COVID-19, which has now emerged as a global pandemic, was reported to be first instigated from the seafood market where live animals like frogs, bats, snakes, snails, birds, pigs, cats and dogs are regularly wholesaled in Wuhan city of PRC \[[@CR2]\]. After analysis of the genetic sequence of COVID-19 causing virus, it was decided that infected person might have visited the seafood market situated in the Wuhan City or might have consumed infected birds or animals. Conversely, further surveys exposed that few cases were also reported where individuals got infected even though they have not visited the seafood market of the Wuhan city. Owing to this investigation, it was confirmed that COVID-19 causing virus was competent for community transmission through human as a carrier and thus, rapidly spread over more than 200 countries in the globe \[[@CR3]\]. This novel virus is transmitted from human to human due to the close contact with the infected person or due to the exposure to the respiratory droplets released during coughing and sneezing of an infected person. This type of respiratory droplets of the infected person can enter into the respiratory system of a healthy human through the mouth and nose during breathing \[[@CR4]\].

In the past, a similar type of pandemic were noticed, however, due to a different group of coronaviruses named as Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) centred on Guangdong province, PRC and the Middle East Respiratory Syndrome Coronavirus (MERS-CoV) in Arabian Peninsula. In 2003, SARS-CoV virus, a member of the beta-coronavirus, affected 8098 individuals with a mortality rate of 9.5% spread over 26 countries in the world \[[@CR5]\]. In 2012, another pandemic causing coronavirus termed as MERS-CoV, a member of beta-coronavirus that varied from other human coronaviruses (HCoV), was also reported to be spread all over the Saudi Arabian nations. The WHO confirmed that this group of MERS-CoV affected more than 2000 humans with a mortality rate of 34.5%.

After analysis of COVID-19 syndrome, it was observed that the community transmission rate of SARS-CoV-2 is much higher as compared to the earlier SARS-CoV outbreak. Due to the high transmission rate of this coronavirus, the affected nations tried to control the spread of this deadly virus by isolating the probable carriers travelling from foreign countries. Moreover, other precautionary measures, like thermal scanning at the majority of the international airports and restrictions from organizing community gatherings, etc., were also enforced to tackle the situation \[[@CR6]\]. Furthermore, almost all the affected nations are electing for nationwide lockdown to prevent the community transmission COVID-19. However, it is a tedious job to control the citizens employing the lockdown process for a longer period of time and therefore, the authorities should try to propagate awareness among people and educate them for correct personal hygienic practices to be adopted to fight against this pandemic.

The impact of the novel coronavirus and its symptoms, biological evolution, transmission mechanism and probable treatments and containment options are articulated briefly in this review article (Fig. [1](#Fig1){ref-type="fig"}). Furthermore, the environmental, economical, psychological and social impacts of this pandemic on human life especially in the India context are also discussed.Fig. 1Graphical representation of areas focused on in the article

Origin and biological evolution {#Sec2}
===============================

For the development of preventive strategies like vaccines to combat COVID-19, the source of origin, biological mutation and the transmission rate of this virus needs to be evaluated judiciously. At the time of SARS pandemic in the year of 2003, the scientist recognized that the source of the virus was raccoon dogs and palm civets. After genetic sequencing of samples collected from palm civets, commonly sold in the seafood market, it was observed that palm civet might be a secondary host of SARS-CoV \[[@CR7]\]. Thereafter, researchers also suggested that the group of Rhinolophus bats are competent to produce anti-SARS-CoV antibodies, thus confirmed that this group of bats were the primary reservoir of the viral reproduction \[[@CR8]\].

In 2012, another pandemic caused by MERS-CoV, the member of beta-coronavirus had spread worldwide and the researchers proposed that the camels are the zoonotic source of this virus \[[@CR9]\]. However, many researchers suggested that the key host of this virus is Pipistrellus bat and probably they can transmit this virus to the humans \[[@CR10]\]. Furthermore, genomic similarities were found between SARS-CoV-2 and SARS-like bat viruses, thus exemplifying bats as the probably the primary host of novel SARS-CoV-2 \[[@CR11]\]. From the further structural analysis of receptor binding spike glycoprotein, an essential protein responsible for transmitting the virus into human immune cells, it was suggested that novel COVID-19 causing virus has mutated from SARS-CoV \[[@CR11]\]. Recently, researchers discovered that anteater animals named pangolins are the probable intermediate host for the transmission of novel SARS-CoV-2 between bats to the humans \[[@CR12]\]. However, to exterminate this pandemic, more research efforts are essential to find out the intermediate zoonotic source of COVID-19 and especially its epidemiological features that instigated the viral transmission to the human host, for the effective control, treatment and prevention from the spreading of this lethal virus.

Structure of SARS-CoV-2 {#Sec3}
-----------------------

The pandemic causing SARS-CoV-2 is a member of the beta-coronavirus family, which originated from bats or pangolins and resemble with previously reported other two epidemic causing coronaviruses, namely SARS-CoV and MERS-CoV \[[@CR12]\]. According to Hui et al. there are seven different novel strains of HCoVs named as 229E and NL63 strains from the family of alpha-coronaviruses, and OC43, HKU1, SARS, MERS, and SARS-CoV-2 strain from the family of beta-coronaviruses present all over the world \[[@CR13]\]. Among these strains, SARS-CoV and MERS-CoV strain of HCoV are extensively well-known coronaviruses as each strain has led to a global pandemic. According to WHO, the mortality rate of SARS-CoV-2 is lesser; however, the transmission rate is much higher than SARS-CoV \[[@CR14]\].

The novel COVID-19 causing virus has thirty thousand long base pair single-stranded ribonucleic acid (RNA) with a diameter of 80--120 nm \[[@CR15]\]. Moreover, the virus also contains two important groups of proteins, namely the fundamental proteins (spike, nucleocapsid, matrix and envelope) and the non-fundamental proteases proteins (nsp3 and nsp5), and RNA-dependent RNA polymerase proteins (nsp12) that distinguish all the groups of coronaviruses (Fig. [2](#Fig2){ref-type="fig"}) \[[@CR16]\]. Among total proteins of SARS-CoV-2, the unique viral spike proteins present in homo-trimetric state on the outer surface of virion has the ability to infect the target cell through a viral attachment process \[[@CR17]\]. Moreover, researchers also explained that the novel SARS-CoV-2 virus has a specific peptide named PrrA that can cleave viral spike protein using cellular proteases enzyme and thus, the viral protein can be easily transmitted from the virus to host cell \[[@CR18]\].Fig. 2The structure of the novel SARS-CoV-2

Epidemiologic and pathogenic characteristics of SARS-CoV-2 {#Sec4}
----------------------------------------------------------

The seventh member of the HCoV, formally known as SARS-CoV-2 has the proficiency to infect the human respiratory tract, whereas other two pandemic causing viruses such as SARS-CoV and the MERS-CoV are accountable for pneumonia and common cold (Table [1](#Tab1){ref-type="table"}). The reasons for these infections instigated by MERS-CoV and SARS-CoV are due to the existence of two different type of receptors, named as dipeptidyl peptidase 4 (DPP4) and angiotensin-converting enzyme 2 (ACE2), respectively \[[@CR19]\]. These human receptors are responsible for receiving the viral transmission into the human cell (Fig. [3](#Fig3){ref-type="fig"}). After analysis of the genomic categorization of SARS-CoV-2, it was observed that their genomic sequences were much similar (almost 70%) to the SARS-CoV and both of them infects the same human receptor named as ACE2 \[[@CR20]\]. On the other hand, the specific spike proteins of SARS-CoV-2 virus can bind to human ACE2 receptor protein with higher affinity (almost 10 to 20 times more) compared to the SARS-CoV viral spike bonding \[[@CR20]\]. Therefore, the transmission rate of SARS-CoV-2 is much higher and it is the main reason behind it spreading globally within a shorter period of time, which was not the case for other HCoV.Table 1Pathological and epidemiological characteristics of epidemic causing viruses all over the worldVirus namePrimary reservoirIntermediate hostName of the receptor proteinReproductive numberMortality rateReferencesSARS-CoV (2003)Rhinolophus batsPalm civetsAntigiotensin converting enzyme 21.7--1.99.5%\[[@CR26]\]MERS-CoV (2012)Pipistrellus batsCamelsDipeptidyal peptidase 4\< 134.5%\[[@CR27]\]SARS-CoV-2 (2019)BatsProbably pangolinsAntigiotensin converting enzyme 22--2.56% till date\[[@CR26]\]Fig. 3The life cycle of novel SARS-CoV-2 and its interaction with human host cell

When SARS-CoV-2 enters into the alveolar epithelial cell of the human respiratory tract, the virus triggers human immune response owing to the rapid cell multiplication rate of SARS-CoV-2. Next, the pulmonary tissue present in the human respiratory tract gets damaged by eliciting the activation of more white blood cells, which is commonly known as cytokine release syndrome \[[@CR21]\]. Cytokine release syndrome or hypercytokinemia is a form of systemic inflammatory response syndrome when a large number of human white blood cells are activated and uncontrollably release inflammatory cytokines and cause severe lung condition commonly known as acute respiratory distress syndrome (ARDS) \[[@CR22]\]. This ARDS can prevent the organs from receiving oxygen required for their proper functioning and eventually causing multiple organ failure \[[@CR23]\].

During the analysis of the first 99 confirmed cases of patients infected with SARS-CoV-2, cytokine release syndrome was noticed for patients with severe COVID-19 symptoms; whereas 17 patients were diagnosed with ARDS and among them, the condition of 11 patients deteriorated within a short period of time and eventually, they died due to multiple organ failure \[[@CR24]\]. Moreover, due to the infection of COVID-19, the total number of lymphocyte cells reduces and the functionally of these lymphocyte cells get exhausted which also affects the immune system and therefore, causing respiratory organ failure \[[@CR25]\].

Transmission path over the susceptible population {#Sec5}
-------------------------------------------------

The novel SARS-CoV-2 transmitted rapidly all over the world in the matter of a few weeks. The transmission path of this virus from human to human is through close contact leading to the contact with the slimy layer saliva of the mouth, tears of eyes or respiratory droplets of running nose \[[@CR28]\]. Furthermore, a closed environment with continuous exposure to high concentrated aerosol is also a route of COVID-19 transmission \[[@CR29]\]. Furthermore, researchers demonstrated that COVID-19 infected person has several intestinal infections like diarrhoea, vomiting, queasiness to name a few \[[@CR30]\]. According to Zhang et al. the human respiratory tract is not the only potential route for entry of SARS-CoV-2 into the human host, the digestive tract is also one of the probable sources of the infection as the COVID-19 symptoms are allied with the alveolar epithelial cells of the lungs and enterocytes or intestinal absorptive cells of the human small intestine \[[@CR31]\]. Recently, scientists also inspected the transmission of this virus through the breast milk of a mother to a newborn baby. However, more investigations are required in this field to determine promising preventive strategies to counter COVID-19.

Impact on human health {#Sec6}
======================

Clinical symptoms and detection of COVID-19 disease {#Sec7}
---------------------------------------------------

In the beginning, for a COVID-19 patient, the clinical symptoms are weakness, nasal blocking, sneezing, headache, painful throat, vomiting, nausea and diarrhoea. After five to six days, the infected patients tend to have a high fever with muscle pain, dry cough, and ultimately leading to dyspnoea or hypoxaemia. During this stage, most of the pulmonary tissue of the human respiratory tract and the immune system is majorly affected. However, some asymptomatic cases were also observed where the patients did not exhibit any acute COVID-19 symptoms. Sometimes they also tend to have a mild fever or even no fever, low fatigue and no respiratory problems. However, these asymptomatic patients can be carriers, who are responsible for the transmission of the SARS-CoV-2 into other human body \[[@CR32]\].

The fast and precise recognition of COVID-19 is crucial for us to control this pandemic. In the laboratory, genomic sequencing process using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) is an accurate detection process for this virus. The viral genome is characterized using stool, saliva or blood sample collected from suspected patients \[[@CR33]\]. Later on, Kelvin et al. reported that the detection of SARS-CoV-2 was successfully investigated in the sputum specimens of sick patients using RT-qPCR \[[@CR34]\]. However, there is a major risk for the transmission of this viral infection from infected patients to healthcare workers, if proper protective measures are not being taken during the collection of saliva specimen from an infected person for testing. Thus, appropriate precautionary measures are necessary to avoid further contamination during the viral detection test procedure.

Probable treatment process and prevention {#Sec8}
-----------------------------------------

The novel COVID-19 pandemic causative SARS-CoV-2 virus has spread over more than 200 countries and has affected 7,682,831 people, among them 426,426 persons have died and 3,650,044 persons have successfully recovered from this disease as on 13th June 2020, as per the data provided by the John Hopkins Coronavirus Resource Centre. Suspected and confirmed cases of COVID-19 should be treated in designated hospitals or nursing homes well acquainted with protective isolation and quarantine measures. Also, critical patients should be admitted immediately to the intensive care unit.

Currently, numerous comparative experiments and clinical trials have been carried on for investigating the efficacy and safety of several antiviral drugs for the treatment of COVID-19 pandemic. Furthermore, several therapeutic and prophylactic strategies have also been advocated for the treatment of patients infected with SARS-CoV-2. As an example, the sequence-specific double-stranded RNAs have therapeutic potential to suppress the viral genomic expression through an endogenous cellular process named as RNA interference. After genomic analysis, it was also reported that RNA interference can be used in the treatment of viral causative infectious diseases, such as human immunodeficiency virus (HIV) and hepatitis. Similarly, Chang et al. reported that small interfering RNAs (siRNAs) can inhibit SARS-CoV infection in monkeys (*Rhesus macaques*) without any side effects \[[@CR35]\].

### Standard treatments {#Sec9}

The common control strategies for the prevention against COVID-19 is complete isolation of the infected patient with his face being covered with a protective N95 or FFP3 mask, sterilized gown and regular monitoring of the body temperature, blood pressure, heart rate, pulse, sputum screening, respiratory rate and other prominent symptoms. Some of the other treatment therapeutic and prophylactic strategies used to treat the patients infected with SARS-CoV-2 are discussed in the following subsections.

### Antiviral therapy {#Sec10}

In several COVID-19 cases, interferon-α (IFN-α) acts as a suitable drug due to its resistivity against this viral infection. When the infected patients are dosed with IFN-α, the replication of the SARS-CoV viral genome is defeated by stimulating both innate and adaptive immune responses \[[@CR36]\]. Researchers have shown the successful outcome of IFN-α drug on SARS-CoV infected cynomolgus monkey \[[@CR37]\]. Likewise in a pilot clinical trial, the healing mechanism of synthetic recombinant IFN-α for people infected with SARS was also exhibited \[[@CR38]\]. Therefore, further trials on IFN-α shall be made so as to be recommended to cure COVID-19 patients, if trials are successful.

Lopinavir and ritonavir, the protease inhibitor drugs also has the ability to affect the reproduction of HIV by generating antibody in the human body \[[@CR39]\]. Generally, ritonavir and lopinavir drugs can defeat the protein synthesis process of the COVID-19 causative virus by binding the protease (endopeptidase C30) present in the SARS-CoV-2 \[[@CR40]\]. However, more research is required to apply this drug to tackle COVID-19 outspread.

Chloroquine drug is broadly applied for autoimmune diseases and patients suffering from malaria \[[@CR41]\]. Recently, chloroquine has been recommended as a potential antiviral drug as it can prevent the SARS-CoV-2 infection by enhancing endosomal pH required for fusion of most viral protein \[[@CR42]\]. According to Wang et al. the cheap drug chloroquine has been successfully tested in vitro process against the recently appeared COVID-19 disease \[[@CR43]\]. Therefore, chloroquine could be considered as a prospective antiviral drug for the treatment of COVID-19.

Hydroxychloroquine an analogue of chloroquine is also a well-known drug which is employed for the treatment of malaria. In 2003 during the SARS epidemic, hydroxychloroquine was considered as an antiviral drug for the treatment of patients infected with SARS-CoV disease \[[@CR44]\]. According to the physiologically based pharmacokinetic models, Yao et al. reported that hydroxychloroquine drug was adequately strong against SARS-CoV-2 infected patient compared to chloroquine \[[@CR45]\]. Hence, both antimalarial drug, namely chloroquine and hydroxychloroquine, can be used to treat patients infected with SARS-CoV-2.

Arbidol also has the potential to suppress the influenza viral infection. Furthermore, arbidol and arbidol mesylate were considered as an antiviral drug against SARS epidemic by inhibiting the genomic replications of SARS-CoV using an in vitro assay \[[@CR46]\]. Moreover, several case series exhibited that arbidol and arbidol analogous drugs should be recommended for the treatment of COVID-19 pneumonia \[[@CR43]\]. Therefore, these antiviral drugs can be the source of promising remedial measures to prevent the COVID-19 outbreak. Additionally, other numerous antiviral drugs were also tested to determine its efficacy to compete against this pandemic (Table [2](#Tab2){ref-type="table"}). However, more research and clinical trials, for both in vivo and in vitro conditions, are required for elucidating the treatment efficacy of newly recommended drugs or vaccines, which is to be applied against COVID-19.Table 2Probable antiviral drugs for the treatment of newly emerged COVID-19 causing pneumoniaAntiviral drugsPreventionTreatment and diagnosisReferencesRemdesivirSuccessfully prevents the SARS-CoV, MERS-CoV in vivo and Ebola virusEffectively inhibits the genomic replication of SARS-CoV-2 virus at low-micromolar concentration\[[@CR47]\]Emtricitabine and TenofovirHIV infection and currently being trialed for COVID-19Disrupts the nucleoside and non-nucleoside reverse transcriptase of the viral protein\[[@CR48]\]AzvudineClinical trial for stage 3 COVID-19 pneumoniaDecreases the viral nucleic acid reproduction rate of SARS-CoV-2\[[@CR49]\]CorticosteroidsPrevent SARS-CoV, MERS-CoV and clinical trial for SARS-CoV-2Suppresses lung inflammation\[[@CR50]\]Abidol hydrochlorideBroad spectrum inhibitor for influenza A and B virus, clinical study on COVID-19Non-nucleoside widely used antiviral drug with immune enhancing effect\[[@CR51]\]Baicalin, Chinese herbal medicineAntiviral activity against SARS-CoVInhibit the entry of SARS-CoV virus into host cells\[[@CR52]\]

Cellular therapy to defence against COVID-19 {#Sec11}
--------------------------------------------

Human natural killer (NK) cells have significant autoimmune response proficient to prevent viral infection or fight with other malignant cells. Human NK cells can disrupt the viral cell by the antibody-dependent cellular cytotoxicity process \[[@CR53]\]. In this manner, all virus-infected cells are lysed through NK cells. Furthermore, many researchers reported that NK cells have the antiviral activity against SARS-CoV, HIV and herpes simplex virus type 1 (HSV-1) \[[@CR54]\]. Moreover, it was reported that umbilical cord blood-derived NK cells have the capability to treat the recent COVID-19 disease \[[@CR55]\]. Thus, these type of NK cells can be considered as an efficient cellular therapeutic option for the treatment of the newly emerged COVID-19 infection.

Natural cellular therapy employing mesenchymal stem cells (MSCs), one of the robust anti-inflammatory active cell, can also be a potential alternative to treat patients infected with SARS-CoV-2 \[[@CR56]\]. Human blood and placenta of the umbilical cord are promising sources of the MSCs. Moreover, several researchers reported that MSCs have the capability to ameliorate chronic lung grievance, diminish lung fibrosis and improve acute respiratory problems by stimulating several repair processes against virus-infected tissues \[[@CR57]\]. Furthermore, MSCs can also prevent cytokine stress syndromes, ARDS and acute lung infected injury and thus diminish the mortality rate of COVID-19. Therefore, MSCs can be used for therapeutic trial on COVID-19 causative pneumonia.

Immunotherapy {#Sec12}
-------------

Convalescent plasma can produce several types of immunoglobulin (Ig) antibodies like IgG, IgA, IgM, IgE, and IgD in the body of recovered patients. These types of antiviral antibodies have the ability to treat innumerable contagious maladies such as influenza A (H5N1), poliomyelitis, and Ebola \[[@CR58]\]. Recently, in Taiwan and Hong Kong, few COVID-19 patients were treated by applying convalescent plasma collected from people recovered from SARS-CoV infection. After 24 h of plasma transfusion, partial passive immunization was observed among the COVID-19 patients, and plasma viral load of the infected patient was also diminished (almost 105 copies/mL to untraceable levels) \[[@CR59]\]. Therefore, convalescent plasma therapy could also be a potential therapeutic candidate for the prevention of COVID-19.

The retardation of the COVID-19 pandemic might be governed by the development of human monoclonal antibodies against viral infection. Several researchers reported that monoclonal antibodies adversely affect the spike protein of HCoV and thus prevents the entry of viral nucleic acid into host cells \[[@CR60]\]. Monoclonal antibodies can directly target the receptor-binding domain (RBD) of 193-amino acid fragments in viral spike protein and defuse the viral infection \[[@CR61]\]. The COVID-19 viral genomic replication deactivating monoclonal antibodies named as a CR3014 and CR3022 were also reported to target SARS-CoV RBD monopolistically and synergistically neutralized the virus \[[@CR62]\]. Therefore, CR3014 and CR3022 alone or amalgamation of these two antibodies with other neutralizing monoclonal antibodies could be a potential treatment option for the patients infected with SARS-CoV-2. However, more research, therapeutic strategies and clinical trials should be accomplished and their safety and efficacy also needs to be determined while developing novel drugs, new and innovative vaccines to enhance the immunity, which would aid to confront the newly emerged SARS-CoV-2.

Other prevention and control strategies {#Sec13}
---------------------------------------

Currently, there is no particular drug for the treatment of COVID-19, several prevention strategies are immediately required to reduce the transmission rate of the SARS-CoV-2. Furthermore, more control strategies are required to focus on the viral reproduction number (*R*~0~) as the level of any pandemic will rapidly enhance when *R*~0~ is greater than 1. Therefore, control processes must focus on reducing the value of *R*~0~ to less than 1. According to WHO, prevention strategy like strict avoidance of close contact with patients suffering from respiratory problems or having cold and avoiding unprotected contact with wild animals should be adopted. Moreover, the use of masks is advisable to prevent the droplets, cough, and sneezes from an infected person to transmit to other healthy persons. Additionally, frequent hand washing after contact with suspected persons, maintaining at least two meter distance from other person and use individual quarantine place for each and every suspected person should be fruitful solution for the control of this infection from spreading.

Furthermore, several institutes around the globe have developed innumerable innovative strategies, such as low-cost portable ventilators, robotic drones for sanitization, various mobile applications for contact tracing, robots for delivery of food and medicines and ultraviolet technology fitted in a trunk for sanitizing electronic gadgets, grocery items and currency, which can assist in combating the perilous COVID-19 pandemic. Furthermore, infection proof cloths for the usage in hospital, cost-effective testing kits, isolation pods for COVID-19 infected patients, bubble helmets instead of traditional oxygen masks were also some of the innovative prevention strategies that have been used worldwide since the COVID-19 outbreak. Sulfated polysaccharides extracted from marine red alga *Porphyridium* sp. can also be envisioned as a coating material on the sanitary items for the prevention of COVID-19 \[[@CR63]\]. Previously, researchers have also demonstrated the use of biochar in as a building materials, which could reduce the breeding of mosquitoes the carriers of malaria, thus diminishing the transmission rate of malaria \[[@CR64]\]. The most important strategy for countries with higher population density must be to use portable hand sanitizer or alcoholic sanitizer and should avoid body contacts with utilities and individuals. Also, doctors, nurses and other healthcare workers should wear hand gloves, protective N95 or FFP3 masks, air preventive gowns and other personal protective equipment to prevent the transmission of this virus.

Effects of COVID-19 pandemic with a special focus on India {#Sec14}
==========================================================

The pandemic COVID-19 has affected almost all the countries in the world, which also includes India. The spread of the virus in India at a larger scale was reported in the beginning of March 2020; whereas, many European countries were already suffering from this lethal virus from early February 2020. Therefore, the widespread effect of this pandemic on India will be pronounced a little later than the other affected countries. This pandemic will have an enormous effect on the life of every Indian citizen especially on the lower middle and lower income people. These two classes of people majorly include labours, small shopkeepers and other people working in private and unorganized sectors. To counter the spread of this pandemic, India was required to enforce a nationwide lockdown, however, experts advised a longer period of lockdown to tackle the COVID-19 outbreak due to high population density in India \[[@CR65]\]. Due to this preventive measure of lockdown, innumerable social and economical activities will be stalled, thus adversely affecting the life of common people including their livelihood.

The most important personal preventive measure for COVID-19 as suggested by the doctors is to wash hands frequently with soaps, hand washes and sanitizers. This has led to the higher consumption of water throughout India, which is again a major problem for a country like India, where ample amount of purified water is not available to all the citizens. Moreover, due to the increased rate of handwashing, the concentration of surfactants and xenobiotic compounds commonly present in hand washes, sanitizers and soaps will also increase in sewage, posing additional challenges for treatment \[[@CR66]\]. The traditional treatment technologies installed at various treatment plants in India are not designed to treat or remove xenobiotics and surfactants even at lower concentrations \[[@CR67]\]. Therefore, these treated sewage containing xenobiotics will be discharged into various water bodies and over a period of time, the concentration of these toxic compounds, which are both carcinogenic and endocrine disruptors, will increase in surface and groundwater \[[@CR68]\]. Therefore, appropriate care should be taken while consuming surface and groundwater after this period of COVID-19 outbreak.

Infected and carriers of SARS-CoV-2 can excrete these viruses through their excretion system and ultimately this viruses ends up in sewage treatment plants \[[@CR69]\]. The sewage can carry SARS-CoV-2 through the sewers laid below the roads and buildings and any leakage in these pipes could have risk of exposure of the population to this dangerous virus. Moreover, the reactors and other appurtenances of the sewage treatment plants can also get contaminated with these viruses; therefore, the operators and workers working in the sewage treatment plants also possess the risk of getting infected through this virus. Coronaviruses can remain viable in wastewater for up to 4 days and therefore, the workers at sewage treatment plants should use proper protective equipment while handling sewage and other apparatus/equipment, which are exposed to the sewage \[[@CR70]\]. Also, the equipment needs to be disinfected after every shift so that infected workers working in one shift does not transmit the disease to any other co-workers.

The sewage generated from quarantine centres and containment zones also needs to be carefully handled to curtail the spread of COVID-19. The sewage from these hotspots possesses high risk of spreading the perilous disease and therefore special care should be taken to handle it separately from wastewater generated from other sources \[[@CR71]\]. Also, this sewage collected from hotspots needs to be treated separately, away from human settlements and sources of drinking water; thus, negating the chances of any possible contamination of virus even through the aerosols likely to be generate at treatment plant. Additional disinfection should also be provided before disposing of such a treated sewage and disposing it into sewers can be plausible technique to alleviate this problem.

Furthermore, sewage can also be an imperative parameter to gauge the spread of COVID-19 in a community, as it is difficult and uneconomical to test everyone in a community for SARS-CoV-2 infection. The genetic material, the viral RNA, can be extracted from sewage and tested to gauge the possibility of infected persons in the community from where the sewage is being collected \[[@CR70]\]. Also, the regular monitoring of viral RNA present in sewage can signal a sudden peak in active cases without rigorous testing. This could provide the authorities with a major advantage of flattening the curve associated with the COVID-19 cases.

Though the mortality rate of COVID-19 is not on a higher side; however, due to the extensive spread of the infection among the masses, the number of fatalities will be very high and which is rising day by day. These dead bodies and other biomedical wastes generated from hospitals and nursing homes need to be managed scientifically. It would be ideal to dig mass graves and bury these dead bodies deep within the earth without handing it over to the family members. However, due to the numerous social stigma prevalent in the Indian society, this option may not be always viable. If these bodies are indeed handed over to the family members then these dead bodies should be sealed in leak-proof and hermetically sealed bags designed to carry biomedical wastes. Proper care should be taken to prevent any bodily fluid from leaving the sealed bags, which could again contaminate other healthy members of the family and relatives.

The medical apparatus like syringes, vials, etc., should also be safely taken away from the residential areas and incineration is recommended before the disposal of this biomedical waste, especially during the outbreak of a pandemic. Mask and other personal protective equipment used by the healthcare workers and doctors should also be disposed of appropriately so that the infection does not spread to other healthy persons through this equipment. As per the investigation carried out by van Doremalen et al. SARS-CoV-2 can be present in a viable form on plastic and stainless steels surfaces for more than 72 h and thus the need to dispose of biomedical waste scientifically can be envisioned \[[@CR72]\]. India is a densely populated country and the availability of land away from the residential area for the digging of mass graves can thus be a major concern. However, efforts should be made to locate barren and infertile land preferably away from the city and in the outskirts, where barricades should be placed to prevent the entry of humans and also animals who can tamper these graves. Burning dead bodies of persons dying from COVID-19 can also be an options to disposal of these bodies, which otherwise possesses the risk of bio-hazards. However, burning of such huge number of bodies can have an adverse effect on the environment due to the emission of smoke and also ashes arising due to this burnings needs to be disposed safely.

The only well tested preventive measure to tackle this pandemic is social distancing, which can only be exemplified by enforcing lockdown. Due to this lockdown, all forms of public transports are temporarily stopped leading to the stoppage of numerous small scale businesses. Government and private sectors are also affected by this lockdown as the majority of the sectors are advising employees to work from home. Employees working in the sector of information technology can work from home; however, all other fields of work need physical involvement and thus these jobs are stopped due to the COVID-19 outbreak. Therefore, this will lead to an inferior revenue generation, which will have an adverse effect on the monthly remuneration of the employees. To compensate these economical losses few firms can take the easier route of mass sacking, which could be very hard on the common man bearing in mind the present scenario \[[@CR73]\]. Furthermore, for the freshers looking for jobs in the upcoming placement months will also have to fight harder to secure a job as firms will try to minimize these economical losses by reducing the number of recruitments. However, the government of India is proactive in this situation and is aiding these firms with numerous financial plans and schemes to overcome this economical loss.

The daily wage labours with negligible savings are more gravely struck by the outbreak. Due to the lockdown, all construction-related works are at a standstill and these labours are majorly unemployed, which makes it difficult for them to feed their family members. In this regard, the government of India has also acted proactively by availing rations for these weaker sections of the society. The nationwide economic setback also had psychological repercussions on the citizens. They are uncertain of their next months' salary and also their job, which could lead to mental stress. Also, the fear of death within the patients infected with COVID-19 has led to the buildup of psychological anxiety translating into suicides \[[@CR74]\]. For the younger generation like school and college goers, this lockdown has been very critical. Some of the educational institutes are opting to teach the students through online video lectures, while others have cancelled the classes due to the lockdown. Online lectures cannot effectively substitute class lectures; however, for the time being, it can be a suitable solution to continue teaching in the wake of the COVID-19 outbreak \[[@CR75]\].

The COVID-19 outbreak has adversely affected the human life form in all the anticipated ways. However due to lockdown, the majority of the masses are confined in houses and thus cars and other automobiles commuting on the roads have reduced drastically. Therefore, noise and air pollution levels arising from these activities have also reduced considerably leading to a cleaner environment. Atmospheric air at many places have become better and less values of air quality index has been reported due to the lockdown \[[@CR76]\]. This self-healing of the environment due to reduced human activities can be a finger in the eyes of most developed race, i.e. the *Homo sapiens* to not to take the mother nature for granted and respect the rules of the environment. Furthermore, we should opt for more sustainable development options, where both nature and humans can coexist synergistically without venturing too much into someone else territory.

Conclusion {#Sec15}
==========

The global outbreak of COVID-19 has called for numerous precautionary measures and more steps are required to be taken to tackle the current situation, given that there is currently no proven vaccine available against the novel SARS-CoV-2. Researchers are dedicatedly trying their level best to come up with the best possible way to fight this lethal virus and therefore, many drugs and therapeutic options, which were successful in tackling other diseases, have been suggested as possible measures to treat the patients infected with SARS-CoV-2. Furthermore, the effect of global COVID-19 outbreak is pronounced having both widespread social and economical repercussions on human life form. However, the general mass should follow the instructions given by the government, doctors and healthcare workers, which will help us in emerging victorious against COVID-19.
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